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(57) ABSTRACT 

A system and method for providing a resonant beam sWeep 
about a ?rst axis. A mirror or re?ective surface supported by 
a ?rst pair of torsional hinges is driven into resonant 
oscillations about the ?rst axis by inertially coupling energy 
through the ?rst pair of torsional hinges. A light source 
re?ects a beam of light from the mirror such that the 
oscillating mirror produces a beam sWeep across a target 
area. The resonant beam sWeep is moved orthogonally on 
the target area by a gimbals portion of the mirror pivoting 
about a second axis according to one embodiment. Asecond 
independent mirror provides the orthogonal movement 
according to a second embodiment. 
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RESONANT SCANNING MIRROR WITH 
INERTIALLY COUPLED ACTIVATION 

This application is a DIV. of application Ser. No. 10/335, 
738 ?led on Jan. 2, 2003, noW pending, Which claims the 
bene?t of US. Provisional Application No. 60/394,321, ?led 
on Jul. 8, 2002, entitled Scanning Mirror, Which application 
is hereby incorporated herein by reference. 

TECHNICAL FIELD 

The present invention relates generally to projection dis 
plays and laser copiers. More speci?cally, the invention 
relates to the use of MEMS (micro-electric mechanical 
systems) type mirrors (such as torsional hinge mirrors) to 
provide resonant scanning of a light beam on a display 
screen or on a photosensitive medium. The resonant scan 

may be generated by using a single dual axis mirror or tWo 
single axis mirrors. A ?rst set of torsional hinges is used for 
providing the resonant scan by oscillating the mirror about 
the torsional hinges at the mirror’s resonant frequency if a 
dual axis mirror is used. Alternately, a ?rst one of tWo single 
axis mirrors may be driven to resonance about its torsional 
hinges to provide the bi-directional scan. The second pair of 
torsional hinges of the dual axis mirror or the second single 
axis mirror provides movement about a second axis to 
control movement of the resonant beam sWeep or scan in a 
direction orthogonal to the resonant scanning to maintain 
closely spaced parallel image lines on the projection display 
or photosensitive medium. 

BACKGROUND 

Although rotating polygon scanning mirrors are typically 
used in laser printers to provide a beam sWeep or scan of the 
image of a modulated light source across a moving photo 
sensitive medium, such as a rotating drum, there have also 
been prior art efforts to use a much less expensive ?at mirror 
With a single re?ective surface, such as a mirror oscillating 
in resonance, to provide the scanning beam. Unfortunately, 
these prior art efforts of using a scanning or oscillating 
mirror have required a compromise in performance in that 
only one direction of the resonant beam sWeep could be used 
to print an image line at a right angle on a page. For example, 
to generate image lines that are at a right angle to a moving 
photosensitive medium, the scanning mirror generating the 
beam sWeep is typically mounted at a slight angle to 
compensate for the movement of the photosensitive 
medium. It Will be appreciated that the photosensitive 
medium typically moves at a right angle With respect to the 
beam sWeep (such as a rotating drum). Unfortunately, if the 
mirror is mounted at a slight angle to compensate for 
medium movement during the forWard beam sWeep, the 
return beam sWeeps Will traverse a trajectory on the moving 
photosensitive drum Which Will be at an angle Which is 
unacceptable With the ?rst printed image line since the effect 
of the moving medium and the angle mounting of the mirror 
Will noW be additive rather than subtractive. Consequently, 
unlike the present invention, When such a single re?ecting 
surface resonant mirror Was used With these prior art efforts, 
it Was necessary to interrupt the modulation of the re?ected 
light beam and Wait for the mirror to complete the return 
sWeep or cycle and then again start scanning in the original 
direction. This requirement of only using one of the sWeep 
directions of the mirror of course reduces the print speed and 
requires expensive and sophisticated synchroniZation 
betWeen the mirror and the rotating drum. 
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2 
The assignee of the present invention has recently devel 

oped a dual axis mirror With a single re?ection surface 
described in US. patent application Ser. No. 10/384,861 
?led Mar. 10, 2003, entitled “Laser Printer Apparatus Using 
a Pivoting Scanning Mirror”. This dual axis mirror uses a 
?rst set of torsional hinges for providing oscillating beam 
sWeep such as a resonant beam sWeep and a second set of 
torsional hinges that selectively moves the oscillating beam 
sWeep in a direction orthogonal to the oscillating or resonant 
beam sWeep. By dynamically controlling the orthogonal 
position of the beam sWeep to compensate for movement of 
the photosensitive medium, both directions of the resonant 
beam sWeep may be used to print parallel image lines. 
Alternately, tWo single axis mirrors can be arranged such 
that one mirror provides the resonant beam sWeep and the 
other mirror controls the orthogonal position of the beam 
sWeep to alloW both directions of the resonant beam sWeep 
to be used for printing. 

It Will also be appreciated by those skilled in the art that 
in addition to laser printing, control of the orthogonal 
(vertical) position of the oscillating or resonant scan alloWs 
a single surface or ?at oscillating mirror to be used to 
provide a full frame of raster scans suitable for use on 
projection displays including micro projection displays such 
as cell phones, Personal Digital Assistants (PDA’s), note 
book computers and heads-up displays. HoWever, if such 
displays are to be commercially acceptable, they must be 
small, loW cost, robust enough to Withstand greater than 
1000 G’s of shock, and stable over the operating temperature 
normally experienced by hand-held products. 

Consequently, it Will be appreciated that the high fre 
quency scanning mirror is a key component to the success of 
such products. Further, since many of the applications for 
such mirror projection displays are battery poWered, all of 
the components (including the scanning mirror) must be 
energy ef?cient. 

Texas Instruments presently manufactures a tWo axis 
analog mirror MEMS device fabricated out of a single piece 
of material (such as silicon, for example) typically having a 
thickness of about 100—115 microns using semiconductor 
manufacturing processes. The layout consists of a mirror 
having dimensions on the order of a feW millimeters sup 
ported on a gimbals frame by tWo silicon torsional hinges. 
The gimbals frame is supported by another set of torsional 
hinges, Which extend from the gimbals frame to a support 
frame or alternately the hinges may extend from the gimbals 
frame to a pair of hinge anchors. This Texas Instruments 
manufactured mirror With tWo orthogonal axes is particu 
larly suitable for use With laser printers and/or projection 
displays. The re?ective surface of the mirror may have any 
suitable perimeter shape such as oval, rectangular, square or 
other. 

Similar single axis mirror devices may be fabricated by 
eliminating the gimbals frame altogether and extending the 
single pair of torsional hinges of the mirror directly to the 
support frame or support anchors. TWo single axis mirrors 
rather than one dual axis mirror may be used to generate the 
beam scan but may require more space. Other suitable 
designs of single axis mirrors may also be used. 
One presently used technique to oscillate the mirror about 

a ?rst axis is to provide electromagnetic coil on each side of 
the mirror and then driving the coils With an alternating 
signal at the desired sWeep frequency. The same technique 
is also used to move the sWeep of the beam orthogonal to 
maintain a parallel raster scan. The present invention, hoW 
ever, discloses improved techniques for generating a reso 
nant beam sWeep. 
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SUMMARY OF THE INVENTION 

The issues mentioned above are addressed by the present 
invention Which, according to one embodiment, provides a 
mirror apparatus suitable for use as the means of generating 
a sWeeping or scanning beam of light across the Width of a 
target medium such as the projection screen of a display 
device or a photosensitive medium of a copier. According to 
one embodiment, the apparatus comprises a mirror device 
including a re?ective surface portion positioned to intercept 
a beam of light from a light source. The re?ective surface of 
the mirror device is supported by a ?rst torsional hinge 
arrangement for pivoting around a ?rst aXis and is also 
supported on a gimbals frame by a second hinge arrange 
ment for pivoting about a second aXis substantially orthogo 
nal to the ?rst aXis. Thus, pivoting of the mirror device about 
the ?rst aXis results in a beam of light re?ected from the 
re?ective surface scanning along the ?rst dimension of the 
display screen or photosensitive medium and pivoting of the 
device about the second aXis results in the re?ective light 
beam moving in a direction Which is substantially orthogo 
nal to the ?rst direction. The mirror apparatus also includes 
an inertially coupled ?rst driver circuitry for causing reso 
nant pivoting about the ?rst aXis to provide the repetitive 
beam sWeep or scanning. Suitable inertially coupled drive 
circuits include electrostatic driver circuits and pieZoelectric 
drive circuits. There is also included a second drive for 
pivoting the mirror about the second aXis, such as for 
eXample an electromagnetic drive circuit, such that sequen 
tial images or traces are spaced from each other. According 
to an alternate embodiment, a ?rst single aXis mirror is 
driven by an inertially coupled driver circuit to generate a 
resonant beam sWeep and a second single aXis mirror uses 
typical electromagnetic drive coils for controlling the 
orthogonal position of the resonant beam sWeep. 

The foregoing has outlined rather broadly the features and 
technical advantages of the present invention in order that 
the detailed description of the invention that folloWs may be 
better understood. Additional features and advantages of the 
invention Will be described hereinafter Which form the 
subject of the claims of the invention. It should be appre 
ciated by those skilled in the art that the conception and 
speci?c embodiment disclosed may be readily utiliZed as a 
basis for modifying or designing other structures or pro 
cesses for carrying out the same purposes of the present 
invention. It should also be realiZed by those skilled in the 
art that such equivalent constructions do not depart from the 
spirit and scope of the invention as set forth in the appended 
claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of the present inven 
tion, and the advantages thereof, reference is noW made to 
the folloWing descriptions taken in conjunction With the 
accompanying draWing, in Which: 

FIG. 1 illustrates an eXample of a single aXis resonant 
mirror having a support frame for generating a beam sWeep, 
and FIG. 1A is a simpli?ed cross-sectional vieW taken along 
lines AA of FIG. 1; 

FIG. 2 is a top vieW of an alternate embodiment of a single 
aXis torsional hinge mirror supported by a pair of hinge 
anchors rather than a support frame and having a hexagonal 
shaped mirror; 
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4 
FIG. 2A is a top vieW of an alternate embodiment of a 

single aXis torsional hinge mirror supported by a pair of 
hinge anchors rather than a support frame and having a 
circular shaper mirror; 

FIG. 2B is an illustration of an actual device of a single 
aXis ?at oval shaped mirror suitable for use With the present 
invention; 

FIG. 3 is a perspective illustration of the use of tWo 
synchroniZed single aXis mirrors such as shoWn in FIGS. 1, 
2A and 2B to generate the bi-directional resonant beam 
sWeep across a display screen or a moving photosensitive 
medium according to the teachings of an embodiment of the 
present invention; 

FIG. 3A illustrates one complete resonant beam sWeep 
projected onto a moving photosensitive medium of a laser 
copier; 

FIG. 3B illustrates a beam sWeep path of a frame of image 
lines projected onto a display screen; 

FIGS. 4A and 4B, 5A and 5B, 6A and 6B illustrate 
different arrangements for using inertially coupled electro 
static drive circuitry to generate the resonant scanning or 
pivoting about the torsional aXis of a single aXis mirror; 

FIG. 7 illustrates the electrical connection betWeen the 
electrostatic plates and the mirror assemblies of FIGS. 4A 
and 4B, 5A and 5B and 6A and 6B; 

FIGS. 8A and 8B, 9A and 9B and 10A and 10B illustrate 
different arrangements for using pieZoelectric drive circuit to 
generate the inertially coupled resonant scanning or pivoting 
about the ?rst or resonant aXis of a mirror; 

FIG. 11 illustrates the electrical connection betWeen the 
pieZoelectric drive material and the mirror assemblies of 
FIGS. 8A and 8B, 9A and 9B, and 10A and 10B; 

FIGS. 12 and 12A are perspective vieWs of tWo embodi 
ments of a tWo-aXis torsional hinge mirror having a support 
frame for generating the bi-directional beam sWeep accord 
ing to the teachings of one embodiment of the present 
invention; 

FIG. 13 is a top vieW of an alternate embodiment of a 
tWo-aXis torsional hinge mirror supported by “hinge 
anchors” rather than a support frame; 

FIGS. 14A—14D are cross-sectional vieWs of the mirror of 
FIG. 12 illustrating rotation or pivoting of the tWo sets of 
torsional hinges; 

FIGS. 15A, 15B and 15C illustrate the use of a tWo-aXis 
resonant mirror such as shoWn in FIGS. 11 and 12 to 
generate a bi-directional beam sWeep across a display screen 
or a moving photosensitive medium according to teachings 
of the present invention; 

FIG. 16 is a perspective vieW illustrating the pattern of the 
bi-directional beam sWeep and the resulting parallel beam 
images as may appear on a moving photosensitive medium 
or display screen; 

FIGS. 17A and 17B are top and side vieWs, respectively, 
illustrating electrostatic drive circuitry to generate the reso 
nant scanning or pivoting about a ?rst pair of torsional aXis 
and the location of the electromagnetic drive circuitry for 
providing orthogonal positioning of the resonant beam 
sWeep for a single dual aXis mirror With a support frame; 

FIGS. 18A and 18B are top and side vieWs, respectively, 
illustrating pieZoelectric drive circuitry to generate the reso 
nant scanning or pivoting about a ?rst pair of torsional aXis 
and the location of the electromagnetic drive circuitry for 
providing orthogonal positioning of the resonant beam 
sWeep for a single dual aXis mirror using hinge anchors; and 

FIG. 19 illustrates the electromagnetic drive circuit for 
moving the scanning light beam orthogonal to the raster scan 
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for both the electrostatic resonant scan embodiment and the 
piezoelectric resonant scan embodiment. 

DETAILED DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

The making and using of the presently preferred embodi 
ments are discussed in detail beloW. It should be appreciated, 
hoWever, that the present invention provides many appli 
cable inventive concepts that can be embodied in a Wide 
variety of speci?c contexts. The speci?c embodiments dis 
cussed are merely illustrative of speci?c Ways to make and 
use the invention, and do not limit the scope of the invention. 

Like reference numbers in the ?gures are used herein to 
designate like elements throughout the various vieWs of the 
present invention. The ?gures are not intended to be draWn 
to scale and in some instances, for illustrative purposes, the 
draWings may intentionally not be to scale. One of ordinary 
skill in the art Will appreciate the many possible applications 
and variations of the present invention based on the folloW 
ing examples of possible embodiments of the present inven 
tion. The present invention relates to mirror apparatus With 
a moveable re?ecting surface that has torsional hinges and 
is particularly suitable for use to provide the repetitive scans 
of a laser printer or the raster scan of a projection display 
device. The mirror apparatus of this invention includes a 
single tWo-axis resonant mirror according to one embodi 
ment. A second embodiment uses one single axis resonant 
mirror in combination With a second single axis mirror for 
providing spaced and parallel scan lines. The second single 
axis mirror continuously adjusts the “vertical” movement of 
the beam With respect to the raster scan movement. 

Referring noW to FIG. 1, there is shoWn a top vieW of a 
mirror apparatus having a single pair of torsional hinges for 
pivoting around a ?rst axis 30. As shoWn, the mirror 
apparatus of FIG. 1 includes a support member 32 suitable 
for mounting to a support structure 34 as shoWn in FIG. 1A. 
FIG. 1A is a simpli?ed cross-sectional vieW taken along line 
A—A of FIG. 1. A re?ective surface or mirror portion 36 is 
attached to support member 32 by a pair of torsional hinges 
38A and 38B. 
As Will be discussed in more detail hereinafter, the mirror 

or re?ective surface portion 36 may be made to pivot or 
oscillate about axis 30 in response to various types of drive 
circuits. For example, the mirror apparatus may be driven to 
resonance for providing a repetitive beam sWeep by elec 
trostatic or pieZoelectric drive circuits, or may by controlled 
much more directly to provide a sloWer orthogonal or 
vertical control to index each beam sWeep to maintain 
spacing betWeen successive lines on a projection display 
While at the same time maintaining all of the beam sWeeps 
parallel to each other. Electromagnetic drive circuitry is 
particularly suitable for the vertical or orthogonal drive. 
When a mirror apparatus is to be used to control the 
orthogonal or vertical position of the beam sWeep and is 
driven by an electromagnetic circuit, small magnets are 
typically included as indicated by dashed line areas 40A and 
40B located on tabs 42A and 42B. The placement and use of 
the small magnets Will be discussed in more detail With 
respect to FIGS. 14A through 14D. The magnets are 
mounted on the tabs 42A and 42B to avoid degrading the 
re?ective surface 36. 

Although the mirror apparatus of FIG. 1 includes a 
support member or frame 32, re?ective surface or mirror 
portion 36 may be manufactured by eliminating the support 
member 32 and extending the torsional hinges 38A and 38B 
from mirror portion 36 to a pair of hinge anchors 44A and 
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6 
44B as shoWn in FIG. 2A. The hinge anchors are then 
attached or bonded to the support structure 34 as shoWn in 
FIG. 1A. FIG. 2A also illustrates that the mirror or re?ective 
surface portion 36 may have any suitable shape or perimeter 
such as the hexagon shape indicated by dotted line 46. Other 
suitable shapes may include oval, square or octagonal. For 
example, FIG. 2B illustrates an actual mirror found to be 
suitable for use in providing the resonant beam sWeep. As 
can be seen, the mirror portion 36A is a very ?at oval shape 
having a long dimension of about 5.5 millimeters and a short 
dimension of about 1.2 millimeters. 

Referring to FIG. 3 there is a perspective illustration of an 
embodiment of the present invention using tWo mirrors, 
each of Which pivot about a single axis, such as the single 
axis mirrors shoWn in FIGS. 1, 2A and 2B. In addition, 
although FIGS. 1, 2A and 2B illustrate a single axis mirror, 
tWo dual axis mirrors of the type shoWn in FIG. 12 and 
discussed hereinafter, can be used to obtain the same results 
as achieved by using tWo single axis mirrors. For example, 
tWo of the tWo-axis mirror arrangements shoWn in FIG. 12 
may be used by not providing (or not activating) the drive 
mechanism for one of the axes. HoWever, if tWo mirrors are 
to be used, it is believed to be advantageous to use tWo of 
the more rugged single axis mirrors such as shoWn in FIGS. 
1, 2A and 2B as discussed above. 

Therefore, referring to FIG. 3, a ?rst single axis analog 
torsional hinged mirror may be used in combination With a 
second similar single axis torsional mirror to solve the 
problems of a resonant scanning mirror type projection 
display or laser printer. As shoWn, there is a ?rst mirror 
apparatus 48 such as discussed above With respect to FIGS. 
1, 2A and 2B that includes a support member 32 supporting 
a mirror or re?ective surface 36 by the single pair of 
torsional hinges 38A and 38B. Thus, it Will be appreciated 
that if the mirror portion 36 can be maintained in a resonant 
state by a drive source, the mirror can be used to cause a 
resonant oscillating light beam across a photosensitive 
medium. HoWever, as Will also be appreciated, there also 
needs to be a method of moving the light beam in a direction 
orthogonal to the oscillation if line images are to be main 
tained parallel. Therefore, as Will be discussed With respect 
to FIG. 3, a second single axis mirror apparatus 50, such as 
illustrated in FIGS. 1 and 2, may also used to provide the 
vertical movement of the light beam. 

The system of the embodiment of FIG. 3 uses the ?rst 
single axis mirror apparatus 48 to provide the right to left, 
left to right resonant sWeep as represented by dotted lines 
52A, 52B, 52N-1 and 52N. HoWever, the up and doWn 
control of the beam trajectory is achieved by locating the 
second single axis mirror apparatus 50 such that the re?ec 
tive surface or mirror portion 36A intercepts the light beam 
54 emitted from light source 56 and then re?ects the 
intercepted light to the mirror apparatus 48 Which is pro 
viding the resonant sWeep motion. Line 58 shoWn on mirror 
surface 36 of resonant mirror 48 illustrates hoW mirror 36A 
rotates around axis 60 to move the light beam 54A up and 
doWn on re?ective surface 36 of mirror apparatus 48 during 
the left to right and right to left beam sWeep so as to provide 
parallel lines 52A, 52B through 52N-1 and 52N on a 
projection display screen or a moving medium 62. Double 
headed arroW 64 illustrates the vertical or orthogonal move 
ment of the beam sWeep projected from mirror surface 36 of 
mirror apparatus 48. 

Referring noW to FIGS. 3A and 3B, there is shoWn an 
exaggerated schematic of the light beam trajectory respon 
sive to movement about tWo axes during a complete reso 
nant cycle of mirror apparatus 48. As discussed above, the 
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movement about tWo axes may be provided by tWo single 
axis mirrors as illustrated in FIG. 3 or a single dual axis 
mirror to be discussed later. The beam trajectory illustrated 
in FIG. 3A is shoWn With a photosensitive medium 66 
moving as indicated by arroW 68 to illustrate hoW the beam 
trajectory generates parallel image lines for a laser copier 
during successive scan lines of a single resonant cycle. In the 
example shoWn in FIG. 3A, a right to left movement portion 
of the beam trajectory is identi?ed by the reference number 
70. It should be understood that the term “beam trajectory” 
as used herein does not necessarily mean that the laser light 
is on or actually providing light. The term is used herein to 
illustrate the path that Would be traced if the light Was 
actually on at all times. As Will be appreciated by those 
skilled in the art, the light source is typically turned on and 
off continuously due to modulation and is also typically 
sWitched off at the tWo ends (left and right) of a scan or 
sWeep. HoWever, the modulation pattern can vary from 
being on for the complete scan or sWeep to being off for the 
complete scan. Modulation of the scanning beam, and 
sWitching off at the end portion of a scan is also, of course, 
true for all types of laser printers including laser printers 
Which use a rotating polygon mirror. Therefore, in the 
embodiment shoWn in FIG. 3A, the laser beam is capable of 
providing modulated light at about point 72 Which is next to 
edge 74 of medium 66. HoWever, as Will be recogniZed, a 
printed page usually includes left and right margins. There 
fore, although a printed image line could begin at point 72 
on a right to left scan of the beam trajectory as shoWn by 
trajectory portion 70, the modulated light beam does not 
actually start to produce an image until point 76 at margin 
78 of the right to left portion of the trajectory and stops 
printing at the left margin 80. This is also indicated at the 
rightmost dot 82 on the printed image line 84. It is important 
to again point out that for a laser printer application the 
photosensitive medium 66 is moving in a direction as 
indicated by arroW 68. Therefore, to generate the top printed 
image line 84 betWeen margins 78 and 80 as a horiZontal 
line, the right to left beam trajectory is orthogonally con 
trolled by mirror assembly 50 pivoting on torsional hinges 
86A and 86B about axis 30A an appropriate amount so that 
the resulting line betWeen the beginning right end point 72 
and the left ending point 82 is horiZontal. That is, the beam 
trajectory is moved up during a beam sWeep by substantially 
the same amount or distance as the constantly moving 
photosensitive medium 66 moves up during the right to left 
beam sWeep. After the right to left portion of the beam 
trajectory is complete at the left edge 88 of medium 66 (i.e., 
half of the resonant cycle), the mirror is pivoted about 
torsional hinges 86A and 86B in the opposite direction as the 
resonant mirror 36 changes the direction of its sWeep as 
indicated by portion 90 of the beam trajectory. Then, When 
the left to right portion 92 of the trajectory beam sWeep 
(resulting from pivoting about axis 30 on torsional hinges 
38A and 38B or mirror apparatus 48) again reaches the left 
edge 80 of medium 66, the mirror is again pivoted about 
torsional hinges 86A and 86B to move the left to right 
portion 92 of the beam trajectory upWard as it traverses 
medium 66 in a manner similar to the right to left portion of 
the trajectory. Thus, the line of image 94 starting at begin 
ning point 96 and generated during the left to right scan is 
maintained parallel to the previous generated image line 84. 
Then as the beam trajectory passes the right edge 74 of the 
medium 66, the resonant scan mirror apparatus 48 again 
begins to reverse its direction by pivoting in the opposite 
direction about torsional hinges 38A and 38B so as to return 
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to the starting point 72. The cycle is then of course repeated 
for another complete resonant sWeep such that tWo more 
image lines are produced. 

FIG. 3B illustrates a similar beam pattern projected onto 
a display screen having an orthogonal dimension rather than 
onto the moving medium of a laser printer. As shoWn in FIG. 
3B, the movement of the beam is the same as discussed With 
respect to FIG. 3A With respect to portions 70 through 92 of 
the beam sWeep. HoWever, after the beam trajectory passes 
the right edge 78 of the display screen 66A and begins to 
reverse its direction by pivoting in the opposite direction 
about hinges 38A and 38B, instead of returning to point 72 
an orthogonal incremental increase is added to index the 
trajectory, as indicated at 98, the equivalent of one scan line 
so that the beginning point is noW at 72A rather than 72. The 
resonant cycle then continues as before, except it is orthogo 
nally incremented at the end of every cycle to a neW starting 
point as indicated at points 72B 72C, etc. Once the trajectory 
has been incremented an amount equal to the full vertical 
display (i.e., completed a full display frame), the starting 
point is again repositioned at 72 as indicated by return line 
100 and the full raster scan of a neW frame begins. 

Referring noW to FIGS. 4A and 4B, 5A and 5B and 6A 
and 6B, there are shoWn top vieWs and side vieWs, respec 
tively, for driving a single axis torsional hinge mirror, such 
as mirror 36 of FIG. 3, into resonance. As shoWn, according 
to these embodiments, the mirror apparatus 102 includes a 
support frame 104 having tWo long sides 106A and 106B 
and tWo short sides 108A and 108B. The tWo long sides 
106A and 106B are mounted or bonded to a support structure 
110 by an adhesive or epoxy by means of stand-offs 112A 
and 112B. Also as shoWn in the side vieW of FIG. 4B, 
support structure 110 de?nes a cavity 114. A mirror or 
re?ective surface portion 116 is attached to the tWo short 
sides 108A and 108B by a pair of torsional hinges 118A and 
118B such that the mirror or re?ective surface portion 116 is 
located above the cavity 114. As is clearly shoWn, the 
perimeter of cavity 114 is larger than the perimeter of 
re?ective surface or mirror portion 116 such that mirror 116 
can freely rotate around torsional hinges 118A and 118B 
Without hitting the bottom of cavity 114. 
As mentioned above, electromagnetic drives have been 

successfully used to rotate torsional hinged supported mirror 
116 about the axis 120 through hinges 118A and 118B. Such 
electromagnetic drives may be used to set up resonance 
oscillation of the mirror 116 about its axis in a manner as Will 
be discussed beloW, but are more useful for controlling the 
position of a second mirror such as mirror 36A for orthogo 
nally positioning the resonant beam sWeep in response to 
varying signals provided by computational circuitry to be 
discussed later. Furthermore, such electromagnetic drives 
require the mounting of electromagnetic coils beloW the 
mirror thereby adding cost and taking up space. According 
to one embodiment of the present invention, mirror 116 is 
caused to resonant about the axis 120 by electrostatic forces. 
Therefore, referring again to the embodiment of FIGS. 4A 
and 4B, there is included a pair of electrostatic drive plates 
122A and 122B located beloW the short sides 108A and 
108B of support frame 104. Also as shoWn in the side vieW 
of FIG. 4B, stand-off mounting members 112A and 112B are 
selected such that a gap 124A and 124B exists betWeen the 
bottom surface of short sides 108A and 108B and the top 
surface of electrostatic drive plates 122A and 122B. It has 
been determined that selecting the thickness of the stand-off 
mounting 112A and 112B such that gaps 124A and 124B are 
betWeen about 0.2 pm and 0.05 pm is particularly effective. 










